宇宙物理学の都市空間への応用 by 神頭 広好
	

	

 
	
 
	
	








	
















	












	

	
		




	



		 !	
	
	


	

 !"#$%&'()*+,-
./01"2	3456
6789:;<=>?"@	%A "@BC,"DEFGHIJKLM
NO-PQRST;<=>?FGHUVWXYZ[\]^
?L&_`O-+:Labcdbefgh
W=>?MNijhL&k,-
lm[\nopqN9:@9,rs[\n]t
.uvL[\wxyLGfz{N6O|}~ffM
N+,-+:L&rs~b'6
Pop[\vcLG@9,-
w6x%Ldv
G L#¡¢£¤e¢¥¤'¦N"oW§¨q©ª«©6O
O-w¬­BA"®¯ 6°A±g
²LB³´:,-¯,µh !6 !¶·¸LU,
U,­B¹96º¡-
»¼½¾~¿À ÁÂÃÄÅabcdb­"Æ¡Ç
ÈÉÊËÌ9:Í²LÎ'"ÏÐÑÒOPO-
ÏÓÔ"ÕÖ×´¯6WØ-ÙÚ5C,ÛLÜÝ9:
-Ò
~ÙÚ5­"Æ¡Þßà"ÕP-

	
	
 !"#$%
&'()*+,-./0123
4!536789:;<	
3=>*	%
&?@-4!*ABC-1D= "!"361E6
FC1G
H
IJ*3-KL3$MNOPQ	L
RST
UV!
WX
FC1H-YZ
	LR%
&[
<\1C]^
3_`
ab1C-*3cd13_`
efghi1
C*3c%
&+,"efghi"
FC1Aj6"-kl"m_-
-FC1noC=p%
&?@qZ-*3
-r$M"-stuv	
4!*
rw2!Cx3yzw23
{Qr|}Q	~#M*36IJo"6
M-r	3"H#
C$12DM"-%
&-6*!"c23"7893
-
_12#23*3	LR%
&-VP12FM"]^

1"
1!
	


 
	
 
 
 	 !"#	$
% &'(
)*+,-./0123456/7	89 
 
 )*+,-./0123456
% 23456	89
: ;<=>?@	AB	CDEFG6
H IJKLJ	
M23456
N IJKLJ	OPQ/45RISTU	VWXY
Z &'(
[\]J^./01_`?@	a 
 
 [\]J^./01_`?@$	bcFdef
% [\]J^./01a	Ogh9
: ijkKjl	mno/[\]J^./01pq
&r?@	f
H &'(
stuvwMxyz{y|}
~~~~~~~~~~~~
~~~~~~
~~~~~~~
 	

 
	

 !"#$%& '()*+,-%"./0123%4
53'6789:3;<=->?@A'9:BCDE/F
G9:HIJKLMNOPQ#&,$RST>&M%
9:BC,IJ,UVWXYZ[\] ^IJWIJ,_R
`#XYMabQ#,%IJcdSeHSfgh$a
b&,%e%ijkl %mnoSea
b'pqr%IJcd"#sXto,-bu#FG$v
&,Rw0#,x/#>
yz %
{



!|#>}-%%Vd%0~@
@A%@HIJ'Q>
R% @@A%9:BCDE/
#&,$v>
;<!IJKL'eSQ#%0#*+
S0~*+q#%

@A , ¡¢£M%¤¥%0~¦§
%	'¨©`0>
 ª=- «%
		0TR
#>
	

 !
		"#$%&' (()*(+,-./0"1
 !
2


2


2


34
56--789:-;<=)*>
?
@!
AB"-CD;EFGHI6;<JK(6$ !
 	

LMNO.-AB
P"Q !	RSTUVW-X"Q !
 XYZJK[\-]^"QP>]^.
_`abcdef6$ !
 XYbc(JKdghidjk=lamnopqr
-st"Q !3qruvst4
wkxyz{JKuv-)*a|}~6$ 	({



34
"1
 !56-JKuv-t-bcJK=)*>

?
@!
pqr-k=d"Q
o{
	



 34
X a+ 
 	
a.$-GH-&34"Q d0W6"
$ U
a	
34dQ !H"-3X4aR(	
dM$!
 	
a.$-B3X4!
	
	

 	 !"
#


#


  
$	
 ! !%&'
#


  
() !"	*+',
 -./0123456789: ;	<=>?@A
B ;CD
E	789:#CD+FG<=>?@$HI'#
CD+FGABE'"EF!$'
#  
	789:	CD+F	<=?@
J789:	K9E'"
#
L

 
$
EE"	MN0OPQRS'TUVJWX123Y	Z
CDE'"
	#
 	 
$		Y
	Z

 <=>?@	56'[\]^ABE_UV	`a
1b 
cdef
	
	

 
 !	
"#$%&'
(
)*+,	

-


./ 
/(01
 !	




 
	
",234
56789:;<=	
>?;
@?;(A?;BC;DE
F	
GH,IJ3KL$>;	MNOP,QR3STLU!V
W
X0$>;	SU!(4YZ[\]^_,`(a434
bc 56789C;DEF,d0^_
 	
ef,ghi(`@jkl
	
	
gmn<=efop,q43	


rs
tu5vFw78


gmnxQ
 ,q43	
yz	
b	c,QR3{|wD9}OP~34


	
	
 
 !"#$%#	
&'()*!+,-./	






 
 !"#$%% 0123	4(
5	6	7

 
8$
49:(
7




 ;$
<=777
	
	


>	



>	


8$%% ?@A:(BCD ;%	










	
		












 !"#$#$%
&'()*+	,-./01./,-2&
 
	
	2&





	
3456789:7;<=46 >		2&
? '()*+@ABCDEF









	





	





	
 !"#$
%&
''()&*+,-./012'*	34567819$&
:;<=>?#@*A3BCDEFG5678HIJ
KL''56781MNOPQ*RST'#UV
B
 
PQWX*Y4CDEFG5678MNZ[\SO]^1_
B`*abcEdGeE0678	
fgUh678*LRS4TB
ijDkEilGmn1o:;<=1pqrSY4TB#''
stALuvTBBwux1y34Yz{1{&|}~A
OA*	34'1	*&#
PQWXY5678HIJK4qWXA
WX34LeFG##4Y"''
*ck-aECDEFGux# ¡3B#¢£*¤P
¥¦O§¥¦1¦YB¨ci©ªLCDEFG«¬­bGiD
®bG5678	
Z¯°ux1`±²*Y4³´567
8A#
±µuJK	
¶Xu·wv¸4YAY¹º»1¼A#
MNOPQ½RS¾¿°1À34YTBYÁ"4Y

	

	


 !"#! 


"#  


 !"
$%&'!!"()*"++$,-./0123&4!"(

# 


 !"
.5'+&
#


!"
.673


#


 




!"
$8'9:;<=>
#




!"
$%&'
?@!"(AB!"(!"(
##


#
C

#
C	

!
"
.5'++$>DE<F2GH$8+
	#
C
	
!"

#
C


!"
IJ KLMNOPQRSTU3VW
 ++$XYZ>,-[%./0192+.3'
	

 !"#$%&'()
*+,
-


-


./
0&123
'(4567
-


./
*89
-


./
./:*89./: !
-- ./
&4
-


./
; 
<=>
	
./	
			
		.?@ABCDEFGHIJKLMNOPQRS/
./ !"#$!%
%&'

 	! 		.?@TUVWXGYZ[\N=]^_S/
`ab./Gcdef,+Nghi
jkl./Gmn7 opqrstusvpwusxyNghi
z{?|./G}~Z tusvpwusNZ
./G3ZN^_i
./G#:f N
 ./Gqs ¡¢Nghi
£¤¥¦./G§¨©ªNghi

	


 !"#$
%&'()*+,-./
 	

 	
	

	 !"#$%&'()*+,-.
/0123456789:;<=*>?*@A
9:&'B%CDEFG	#HIJ
:#8CKLMNOPQRSQTUVWX0:&'
)*YZ[F\]^_`a$Cbcade&fgh=i
jklmnop$%&h=	qM=
%r%Ks$tu
>?0:
B*vwxyz{|}~&z{0
MNO$%&z{a&'*B
:MNLM0:	MNL
M:9&'Y	8+
K\a9*#Fad9&'$CDec
e =	&'¡¢Dece£
¤¥¦§DEb¨©ª«¬­&B0®xyN8¯¥
§$%&0MN¯¥§#8&B0kP'
 	

BB*°0±=²³/01´µ¶·0¸¶·0¹º:0

 B%»¼½	
¾I¿À'
 B%ÁÂÃÄ·Å½¾·Æ½¾ÇÈ½¾ÉÊ½¾
ËÌ½¾ÍÎ½¾ÍÎ½¾ÏÐ½¾Æ½¾Ñ½¾
IJ:&'
	

 !"#$%&'()*+",-.
/012342356"7&89:;<=>?@A
BC 	
(D&.
	E"23423FGH
DIJKL&
B	C	B


CBB


 	
(D&.8MANOP
AN23A423	Q4
23"RI%.
''(ST"UV	
W%&	E
C 	
"X&.
''(423YZA
[ST(\&.]L23A
C 	
(D&.	E"	E^_%&
C 	
(\&.	E
CC 	
"X&.:;<=>?@
BC	B 	
`abcd.	E
ef ghi@jkl-)*+mn#$
 
	

 
	 !"#$%# 
&'() *+)#$#,!-)
./01230(4,!-456
 
)

 !"#$
78 !"#$
9





9
:5		4.;<56=>56?@A&BC#
.?@."DE.FGH?@IJKLB
JMNOPQ.?@R$EST 
&+#U#/	(V WX.E.YZ# &B
F.[\][^?@._`
JMa.bc5def &+g`
E# &+(CJB5*hi+
	
.Ej
k^.lm56Fno6*6pqr# &shtu&+
#+"m6.ST0EvqrEw#xy	
06Bz{|}~.U#56






 
30	4#OPz{|}~
# &45
	
	 #12.=>d+&B.456/	
 KLB?@?@# (""	

 B?@!hpB H*$(
"!+5p *+	
 Bk^Bv. .. ¡¢ &+
w# &+	k£¤¥¦§¨©k£¤ª«¬­®¯°
	
 B±².³ 	´ µ¶· *+#$Q. ¸	




 
	
	
 
	



 
	
 








 
!"#	
$#%&



 
	
'()*+	,-.



/


 
01 23456789:;<=>?@$A+

B	.CD
.EFGHIJ
KLM
	

 !"#
$"%&'()*+,-./01()*+2
3()45
6789*+:;<=()4'>?@()A
B
CDEF"#GH'IJKGHL.M82NOPIJ
,QR@STU()VW	
X8YK(
)45
67Z[ 2@M.\
]^
,XM'_`8

 
	

a
(),Z[ 2@
()VW 2@
b


a a 

	


	


 cd.GHIJPIJ,ef#gh,^ijk
^ jka?
lWm,nN'o@pqrs'tluv82wx,8GH
.IJU(yz8
 	

	


 !"#$%&'()*+,-"./0'12345678*9
:;8"<0'78=>?@'ABCDEF*G%HI'JD
KLM56!N"OPI%&'*ABCDEFQRJS
G%TU@78VW/0'1
2X	
YZ0'"3[\]^_^`I'1
 abc
de"ab
bf`I%ghij

klm"nmG%&'1
 
o8pqrsrtu%Kv`I'n
mjw
x%&'123I

yz{nm
j|}~'1
sI]^*"*&%(
)	
g$+,-	
f0'1

 ()
H
2X
pq
ab
pq'1Iu

'
	


	
HI'13G	pq()pq

pipq
*G%()
  ¡¢456"*£	
*./	
 ab
 ¤J¥'I¦G§¨3*G%M©hi
ª« "0'*]^¬­®'*¯u@&1
	

 !"	#$%&'(
 )*+,-./0
 !"12345678(9: !";<3
4=378(>123456	?'&@+A&'(BC
DE)*+F	GH(>
IJI

J	
3
KL9(:M%	ENOPQRSTUVU
WBC%&'()*+9:+F34XY	
%&'(
7	Z[	\]&'(+34^_'&
	I`
	aJ	

Kbc%defdd':M%	3 !"	Z[g


 
h'-.J	d)*+,
-.J	
%&'(ijk"^cl%&
'(78(
	
		
 !"#$
%&'(
)
*+#$,
-./012034#


)*+#$56
789:;<=>?@A	B1A)
CD4#E
)
*+#$789F"GH9IJKL0+#$M0N"!
FOP0120QR ."ST4#9UV#MEWXY!"#$
	

 Z[\12]^
5_12`12abcd)12*+#$eVf
20g"!12E/.h#Z[\
ij)




kl
)

9]k#$,
6m 	Z[\




Z[\noZ[\12pq	rkl
st4$
uklM12vwh<aGxZ[\yz !"#$
 Z[\]^
Z[\{8|}*+#$56Z[\no
~*+#MEkl{8|}"!kl!"#k
lvwhC4#E

i



)
i
kl
)

 W0EE
	


	 !"#$%&'(	
))*
+,
-.!"#/0

1234	

56789:	
";<=+,>?!"#
@A
;<=BC?!DEFGHIJ!KL&'(	

MNJ

4

O	P
;<=BC?!DEQ	*:
RST/
!DE/U7BC?!DE



4	*:

VWXYZ![\]4
^_7`
;<=BC?!
DE
4	*:abBC?cd/VWefghijk/
:)/l
emn//op	Sq67r.
,)`stP

 	
uZvw;<=!xyvDE4
xySw;<=BC?!
xyvDE4	&'(	)!l!w!>FGHI*:
	

	
	

	

 !
		"#$%!
	&'()*"+
,-.&/012/034
/056789
(:;567<=>?@?>67,-
A'()
BCDEFG+	.H"&
II.JKLMNOPGQN%(
	RS0	

T/0U89URS0VWGI<=G	9XRS0YNZ
PGJKLMN[\
		"]^A._`/0a
RS0bc&
8dedT/0f>RS0VWGYNZUgT/0
.hij?_`/0aklmn,-f>
opqrs


s
i%&9tom	
quv0wx0y*0z{0
|%0f>}f?9mn~RS0f>	
RS0
klmmnf>mn	9mnoII.T(
:f>KmnqT/0mn@??&

s 
}f?&
f>Tf>RS0VYNZUg=?
RS
N_`/0akl.	GIf&I?	
T(
:	
j??j?CD+G/YN( Gy
¡¢ £¤¥¦A§G_`/0a@bc
 I?	
RS0f>¨A 	IH.©y*0ª«(8.
	
.!99XI?¬c9&­+yI®¯°±²JK
L³´*µ¶·¸+D%(
	&


 	

	

 	!"#
$%&'&()*+,-&.
/	
0123+,
	


 
	!"#$%&'()*+,-./0	
1	/#$*)23#$%&'()*+45,15
+
6,)*/#$*789:;*,<=3>?@AB,
CDEF!
*GHIJKLM

 	


/NOPQRSTUVWXYZ,[\]^Q_+`a/]
^Q_+ 7bc
defghhiYjklmnoGpqrst
pu2rs	5
vw,xyzNOPQRSq{|m

},~,vwz[\
]^QQ!
/)*7
/
vw,xy~YZ,[\]^QQ 
 
,
 7IQ ¡¢£¤¥Q ¡
¦§Q¨©¤Oª©OP¥  ,«]^Q_+|¬­



IQ ¡,~®
¯ x
I)°±²³´µ²¶·²,xy®			xy 

,Q7
 	/9
¸¹ º»¼½¾W¿c'()*+},À


 «NOPQRS,~|/ÁÂ¦ÃÄÅÆÇÈÉÊdËNOPQ
Ì&ÍÎÏ
ÐdC ÑÒpNOPQRS Ò Ó Ô
s7
q!xy|/
Ð,ÕÖÈÉQW¿×Ø

	
		

	





 !	"#$%&'()
*+,-.*/0,-121
34	56789:;<=>	?@A"#B

CDDDDD	

E
	
	F()GH?@A"#B	
IJKL1M	%NOPQRS()T1U&VS()
WS9:;	2X(?@A"#B12Y2AZ[	

 	

\]	^0	_ !	`=aU] !	"#
$%bcd
UMe&S()
	

	

 !"#$%&'
()*+,*-.*'/01%	
'/
23456789:
	
;<=	
;=

>?@
=	
AB93
7 	
ACD8E
22FGHIJFKLHI=:M:
NO'/01;<=;!"#$=PQRST5
U3
=VWWWWWW	
AXU
726AYU8E2Z[\]4^_`
ab cdefg7h:ijklmn
o4p:>qr


stuvwxyz{
	
 
!"#$%&'()&*+,-./	

.01&.2345601&	
789:;56$
<'=>!?@A
	
	
	+,-BC
DE
FGH&IH&JKL&MNL&OPQLERSTC<ERA
 0)U!<AV6:W&
XY4X
4
56$0Z[
4<A
\W)0$<;A


 	

]A^_`a:bcdefghi!&^:bcdef	
7
<89CA!0j0"$
 	



 
 !"#$%&'()*+,	#-.
-/01234
	


 !"#$%&%'()*+,-./0
12
3444444	

51
67189:;<=>?@
ABC8DEFGH@ABIJ+,-./0KLMNO

PQRSTUVWXUNY12ZU'(
)[+,-./0\/]^_\
	
`ab_cdefWghi
12EFGH@AB0jk+lmnC8D
omn_Y9_def'()[0/jkeW
U12pqrstuvUdewxyz)U{
|C8D}~WpqW_NY_Y1Z
/T	
`ab
UY_Y!H0Au+
O ¡G¢£21¤¥¦§U/1¨



 	

	
	
 
!"#$%&'()*+,-.$/)	
	
)
0123$456)7895
:; <=
7.<=>5?@"#5
:ABB; <=
)?@"#CD"#EFG/5)H&IJK
L '(M?N$OPQRSTUV123)WX
 	

Y=Z[)\]^5_)[)\]^` G
 ),-5ab<	5

=$%
	

	 
 !"#
	


 
$%&'()*+,-./01(23456789:
(;<=>?@
AB6C3DB678EFGHIJKL-MN@-O
PQRS
@
	(PQ-TU@
- VWX
	JYZ[8
\]JKJYZ#^_PQW
&$O-`a@JYZb,PQcde$JYZ
fgPQ
@
(
 
&'(HIJKJYZ#hiPQ(JYZ
b,PQ(JYZfgPQ=>?@
jk2345678EFG-l
m_HIJKLEFG


 
n&'(HIJKoPQ?@
-JYZb,PQT(




.pq
	
 (;JKL
&r$stlu t$23456
vw-.tJ
KBx4ylz&{-HIJKL
&
 
	




 
 !"#$ 
%%&'(

%


% 	
&')*+,-./0&
123 45678.9	:&'(

;<*+..=>)9
:&' .
?@(45*+.9


:(2A'45B.

:CDEFG HIJK
#LMNO.:&'(
&MNO
;<*+..=>:&' MNO.?@
(MNO*+.	:(2A'PQR.:
CDSTUV HIJK
=W.'(
45!XYMNOZ[.\])^_`&
(a@Xb
 	

''.cdefgh.ijkl(m.no.ijkl.p
qr stuvw x(y<*+z{|(m.}~

 c&))S.J.{ !K)@
2K
 ''pckl.3.z{|K pz{|(
 ''.cdefgh(2 X
^2 ¡¢£`
	
	

	

 !!"#$%&'(%)
 "#*+$),-./012
34 56
$7&89+:*;<=%&';>%&'?
@5A+$BC(D?@6EFGF
56H
3

56
I


"J@F56HKL
3

56
MNNNNI 


$OF$(PQRST$(UVW&XYZS
"#[\(]^"#+_`abcWdef@FW
"g@$bhi'j$bhi(klmn56
H
3

56
MNNNNI 


"J@F	+:*op'jqrst*'jqr
EFGF
56Hu(vwop'jqrx=yst*

	 z*{|(9}~5
6
	
	

 !"#$%
&	
	
'()&	
*


+

 #
,----. 


/01(23
44/ #56789":;1<


=:>?@/A23
4($%B8C(<2DE:$%	DF8:G4
HI<23
JK89":LM<


=:>?


=N:>23$%
8OPE)PGQR$%	
8STU467VWX'2	8
ST24:YZ&	
*8[O>24HI<23
 #567$%
9"
\] ^_`a:bcOdefghiUjk

l#Km:nZ<2o?p:<2	67qrs/tuvZ
O28o?wx:<2	 yz{#q8	

/''|/<2Y}:~T23






	




 
	 !"#$%&#'()*	 


	 

	

#+,-./012345.6789:;
<	
=
>?6789'5=?@A6789:;
B'C	

DEFGH-


 
	 !"#$%&#'()*	 


	
 
	
#+,-./012345.6789:;<	
=
>?6789'5=?@A89:;B'C	

I"'/JKLMNJKOPQRSET#:
 	
UIV	
W=:OPQRS:XY:Z89&[V\V]*

V&-'^_*	 	#`+a#!"



	
 


UIV	
 *	 	#:





	
 !"#$%&
'()*+,







-.'/0&%1
%&' 2
&%34+56789:;<=>?=&@A*+,?
BCD !"#E$%&' 34+FGHI.?*+JKL"
MN.O !"PQR%&'

  STU<VW
X&?Y)Z[\2&%]%G
^_'
(`abcde[\
ff	f

gh ijPklm!nopqrst!uvw

  [\2&%xygh"z]$%&'
	





   
!"


#$%&
'
()*
+,-./01

2
!345*67(* 

2
#$%&
' 89:#;<=
89:*#> ?@	<A
>BC


'C
 84D*
89:'> 	<
A
>*(A<
8EFG=EH> 	<A>>I
JKL*IMNO'C
>PN?@
!3(QR 
ST8UVW'C

XA<YZ[1\*]^<_`ab;c
 	<d\ef
/gh*B^<hij#Ik8lmnobpqrs
9: 	< 8Qt	<A= u1vwxy8hz	
{A
|}
+,-./01
PN8IMNO~	<A> {
89:*# 
<qrs8	<A As
h	A8
WUVz	A
*W='GK	
L='> 
#A

 >*(A<
 K
L8'
 
	

 !"#$%&'()*+,-./0#1"#2314567/
0#89:;#1<*=#1<*"#:0>?@A.#1<*-
7#BCDEFGA.1<*HIJK:;L(MNOPQJK:;L
RS1T:0>RSTU$%<VTWX:;L(MN:0>
YZ1<*[HI\]$6:0>1^_`abcd<*(eJK
:;LfgHI:Ah*;ij).VckOPQ\][$6
YZ:0>OPQ;ablm-*).Vnopq)1rstg
uvwx7JK:;L[yz1nwx7[JK:;LRS:0
>RS{|g7)}.1}.V7167HI~
:;^!<*(eOPQ:;^!<*).Bs
c\]<*).1
[7.V-7L()*
1[	L}.1)jopq)WX} V¡¢
£¤¥¦¤=#§¨©67ª7.JK:;LBC«¬HI­
:LBC®)1¯-V¡¢£¤¥¦¤°±²³´yµ
§¨©67¶·>:;£¸¹º»¼½¾°¿.aw:0>
ÀÁÂ¿.1Ã-V
Ä¢ÅÆ-JK:;L§¨©Ç:;L(MNÈÉL
uwÊËÌÍ)*ÎÏA.1ÐÑ1<*Ò-.V
ÓÔÕ

±µ	
	


±Ö×ØÙÚÛÜÝÞßàkáâãäåæµ
±µ 	!!"#
 !"!±Ö×çèéêëÞìí¼îáÔïðñæµ
òóôõ±µö÷ø¥¹º:;LÅùú*ûÞüýþ]ìíáüý
 ²í[1gJK:;L§¨©1TÊË
	


	 !"#$%&
'
%&(	
	


)*+,$-./0112345'678
)9:;$< => ?@ABC DECF@GECHIJKL '678
MNOP
$QRS1TU5DECF@GEC'VW(XY
Z[\]$	^ K_`a'bc8
def]$ghij/klSm1no125U'	
pq r$sAtCuvwx'678
pq y$QRS1TU5z{|a}'678
~
$'678
9$wxU'678
]$CtD'678

 	

 
	
 !"
#$%&'()*+,-./
	
./*012345"637./
89':;<=3>"%&?@ABCDEFGH
I./:*+JKLMN89	OP'
QR	STUV2W#XYZ"[\"]3()*+
^_>2Y`abcd*?eR*fghij
./%&NkGlmno?pqrs(d*+
tuvUw>xY>3ylz{|kzg|HS*k}S
~#?|&.rsaby)/cd*
rs'Krsb'}	;yb0"I^
rsb'}*+
 	
 !"#$%&
ybpqrsH*pq?^d*>2Y`ab
?d*+
T's)*+

 S./g./ ¡¢£¤¥¦
./§¨././©ª)*+
 ^_>2Y`ab«¬K­®¯?m°I  !"
#$
./ij./NkG*+
 fghij.±²/NkG*+
 	

 !"#$
 %&'
()
*+,-./0121345)

'$
 6789:;'
<=>?@ABC
%>D$
EFGH9IJ"67<=
KL


LL


LMLL


KNLLMLOLN


L


LML


O NO
"PQF$R)67<=ST*
+,C%*+,C
%>UFVFWA$
XC%3*+,-./0121YZ
'JA
J
K

[
NO
"PQF$R)[%\]Q(A^_`%Nab
^_`%O>WA$
NOc>NOcCdeAJ
KNL

[
L

[
LML

[
OL


NL[L[LML[O NO
"PQF$EE"<=>fghAij"?
IhkhC%>?@AEJ>lmB$
)3Z
?@no


KNL

[
L

[
LML

[
Op


NL[L[LML[OK NO
"#EJqG
rs *+,-./0121IJthuv











 
	
	 
!"""""""""""










 
#$
%%#&'()*+,-./01&234
5

0167,893/.:;<=>?@A:@B#,
CDE/.F@&GHI*%:#J&
K*%: LM#$%%#NOPQ:6R6SPQ	


!"""""""












TU*%VW&









#X*:
!"""""""""""

!"""""""""""
!"""""""









 








 
	
%%#YG,*Z[:3/016789,':\I
]IJ 



!"""""""






























	
#2H
	-^_	
 
 









 
	
	 !"#$%
&'( )*	%+,-./01(2345678+
&9( )*/.:0(;.-<345678+=>4
+
	
>?=/.:0(;.-<*@A
B



	
C*%		(DE	F
C+G0H(IJKL(MNOP34Q(R
ST+%+UVWXY.,	UVW
Z6Y.,3[\[]^(G0H(JK_(`/a
bcd%!e=f>g(c*h8[gijhk
=*JKL(]^VlmRS(MNOP4[
QJK_(`/abcgijZ6Vn%!op$
qrUVWZ6Y.,	*MNOP=<s+t
G0H(JK_(`/abc(uvhk$M
NOPlm(hk%%[+wh$x*MN(R
S *\y	6>f>*(]^z{|
$}
~%=(({*$g({f%
f+*46$>(UVZ6n%!4
 G0H.[%nJK(]^
 



@ 
 x*X

	!3
 x*!3
 (<x*34
 	
	
	

 !"#$%&'()%*+,-./0*+,-12
3

4
.1
5 %6.17892:;:;<=
>?@ABCD*+,->EAFGHI92JKLMNO
PQRS>EAF%6T*+,-U>V*+,- !
W 3W

4
3W

4
3.X

4
X

4
XYX

4
1 .1
Z$%6.17[\(.17>]^%
W 3
.X4X4XYX41

.1
_
 %6.17
`a.bcd
1(ef$%"#g %
*+,-2V.hij1(GF)HklmFT>EAF%6


n1opqr.	
1
s-

	






 

	







 

	


















 !"#$%&'()"*+$%,-
./#01234
56,-./"7+89 !"#:$%#
"3&
 	

 
;<=,-./2>?@A'()"B?'(CD
 !"E1FGHI%0JK)"LMN;OPQ
RS TUVWXYZ[\[]^0@A'(CD

	

 !"##$%&'()*+,-./0123
4235678'9:;
<=234>35678?@AB?C
D

E

F
GD

E

F
G

E

F
 DG

H"#;"I'()*+,-.1J19:&'
F

K
@ABF

L
DG8'MN:
D

E

F

KGD

E

F

LG

E

F

K

L
DG
@AB

DO

K
O?O

KGDO

L
O?O

LG

DO

KOL
O?O

KOLG
DG

H"#;P()*QRSTUVWXY
()*QRSTUVWXYK@ABL'@Z
ST[\]^_Y()*@ABSTY#`#a:;
<DG8bc:
	

DO

K
O?O

KGDO

L
O?O

LG
 DG
DO

KOL
O?O

KOLG
 678'de	fgDG'Ah	i'jk"#	e;
 #234>35678lmno
pqrst'9"#uIv
pqwxuyzh	eyzx
{
r||}]^~'
r|Y&I#	erh	e;
	


 !"
#$%&'()*+,-.,'(&/0
12-34567&89:;<=>?'
(&)+,-@ABC
,,D?'(&)<+-EF	
GHIJ&
KHLM)
N	
N	

N	O

PQ 	

R!S:TTU<
N	
	O


OVO


 	

N	
	O


OVO


 	


WX YJZ[\]^_H_`-abc'(&/0	






 
	
 !"
#$
%&'()*+,-.&!/0123456756819:;<
)*=>?@AB
CDEFGHIJDA
KL!M
KNO&L
 L!MPQR&STUVWX

YZ[\ =]28^
 _`	abc81&
L!M=defg T&	hijkflCX&mn:W


o


o


o


o

	
o


o
pqr[\ ?2
s$t	>?2l=
)*+,&-.=lu
v&L
)*;<=wlCXxC&u	

yz%&{|Wl2BQR)*	
-.=}~W
v&L
2)*?28?A
 
CCE	
&'()*+,-.81&
WCXE
;g+,'()*P
8uEr)*X+,&u>8
f2&)*=?l"E
3 ¡ L!M
'()*P¢£CE	

=l	
;¤&E¥8)*D8	¦§¨&©2+,
	
 CCE	
6ª5«&¬­®¯X¡°±3=²}t&CX
x
	
	

 !"#$%&'(&)*+,-.
#/012345678/9:;7</=>?3@A=B-CD"
$E/09FGHIJK9LBM
NOP"
QRE!STU-VW5XYZ[#N\9:;
-]P^_` !"
abc
	
3=		
		


 !	"##$3%=	
	

&'3defghijklmnopqr*stuvwxybz(({=
'!	3%=)
**&+$,-")			
(
'!	3%=,"./,-",)		
		

0"	#31%=	-$20-3|e}~p
uvx%{=
3	
-"+$3(=4-$+!"5&4		"
"*56$)	!",
2	7	8,	6)","3((= 	
! 	79$!73e}pi*+,}
Bw_-_}x({=
5	#63="#$	:9;

!/4+
8k3(%=p ¡9L¢£¤¥¤¦§¨N\x©ªwu«
¬­®w¯°±²©ªwu«¬­®w¯°±
³´µ3(=pBwO¶I·*+,xdD¸
?³m¹f3(=pBwº»¼x ¡Y2D¸z
3((=pqruv½}¦¾¨¿½[.xhQÀ

Á Â3(1=p§ÃÄÅEÆOxÇÈz
ÉÊËÌ3=p½xÍÎÏÐ¸
ÑÒ ÓkÔÕÖ¨§¨×ØÙÚFG
	

	 !"#$%"&
'()*+,-./01234536789:;<7=>3?@A34
BCD
EF8'(+,G"


	
	
 !"
#$%&'%& ()*%+,- ./01234 3
562789:;<,=>?@AB3CDE8FG3HIJKBL3
;<MN!34+O,PQ 3AR>S3TU>VD3WXKD3
8DVY3Z[\3]8^W3_`KD3abDSY3=XY9bIXYL3
cd =efgBhB3ihbj>kY3klD3BmnE8Fo3p>D
EVYLqr3stu,vw2 !=XxDG,yz{3|,
}t~"+O2'42cd2*
"
z{356~*O,

"=>?@AB3abDSY3AR>S3=XY9bIXY56
P'"56*%!3
4
{O "

  ,3¡¢,£¤¥3¡'¦§¢ZO
*r¨©3©3ª©3«F`B3«BR>3TU>VD3WXKD
L,O,¬\­®L,O¯°	"
OKYpg
iX±>D>3²Y«pS9mn'³´£¤,-©s,µ¶O

"
·¸3¹P,º»-3
Z¼½¾¿À3	 
~,ÁrÂÃ3
ÄÅ P*Æ "

   
	
	

  	

	


 !"#$%&'()$*+
,-./0
  1234
/ 0  	

5
 678&9:;<=>
?@
ABCDE FGHI J K I
678&LM;NO>
PQRST
	

	

 
	
 
	
	








	
















	












	

